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Transmission Triggers and Pathways in Gyrodactylus sphinx (Monogenea, Gyrodactylidae). Dmitrie- 
va E. V. — The ratio between the different ontogenetic stages of gyrodactylids transferred from infected 
to uninfected hosts was studied. 72% of transmitted individuals have a functional male reproductive 
system and can reproduce only sexually. Therefore, in Gyrodactylus sphinx Dmitrieva et Gerasev, 2000 
transmission mainly involves individuals with a functional male reproductive system. It is likely that the 
sexual maturation of gyrodactylids provides the trigger for migratory behaviour. The restricted 
occurrence of G. sphinx on one host species in nature is a result of innate host specificity. Both the 
behavioural patterns of G. sphinx and physiological parameters of the fish uphold the search for a 
suitable host. 
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Ilyckosoii mexann3m paccerenna n nanpasienne TpaHcmuccun Gyrodactylus sphinx (Monogenea, Gyro- 
dactylidae). J[murpuesa E. B. — IpoanannsupoBsano coornowenne oco6eñ, HaxOMAIMXCaA Ha pa3HbIX 
cTaqMax OHTOreHe3a B yacru nonyraunn Gyrodactylus sphinx Dmitrieva et Gerasev, 2000, 
MMrpupylolled Ha HOBOTO XxO3avHa. CpeqM MMMUrpupoBaBLIMX TuposakTWIMA HOIA ocobet c 
(yHKUMOHMpyrolleH MyXCKOM MONOBOM CHCTeMOM, CIOCOOHBIX Ppa3MHOXaTbCA TOJIÞKO MOJIOBbIM 
TlyTeM, coctapiaeT 72%. Takum oOpa30M, TpaHcmuccus Gyrodactylus sphinx ocyWleCTBIAeTCA T1aBHbIM 
o6pa30M 3a cyeT OcObelt c CbyHKUMOHUpylolleH MyXKCKOM MONOBOÄ cucTtemon. TlonoBoe co3peBaHHe, 
TIO-BUIMMOMY, M ABIIACTCA IyCKOBbIM MeCXaHH3MOM MMTpallMOHHOTO MOBEJCHHA TUpPOAAKTHJINJ,. 
Y3kaa BCTpeyaeMocTs G. sphinx B Ipupoe COOTBETCTBYeT CTO BPOXACHHOM CTporol CMeunpHYHOCTH. 
Tlo-BuaqumMomy, ocodu G. sphinx HaxoXAT MOAXOAAUIeTO XO3HHWHa, OPMeCHTUpyaAcb MO ero 
ÞusnonornyecKyM MapaMetTpaM H OarofqapsA Ux COOCTBEHHBIM MOBEJCHYECKMM OCOOeCHHOCTSM. 


KxnyeBse croBa: Gyrodactylidae, Gyrodactylus, TPAHCMUCCHSA, TyCKOBbIe MexaHW3MBI, CNELMHYHOCTD. 


Introduction 


Although numerous studies of the biology and ecology of Gyrodactylus Dmitrieva et Gerasev, 2000 
(Monogenea, Gyrodactylidae ) have been conducted, the behavioural triggers involved in the transmission of 
gyrodactylids and, especially, in the abandonment of a suitable host are as yet unknown. The hypothesis that 
transmission begins with the accidental detachment of gyrodactylids or an accidental contact of hosts seems 
dubious, inasmuch as transmission is too important to occur by chance. Known host-parasite systems exhibit 
a great diversity of specific mechanisms which efficiently enable dispersion of the parasites. Therefore, it 
seems rather questionable to assume that gyrodactylids have not developed similar mechanisms. Looking at 
data on the biology of Gyrodactylus, it appears reasonable to suppose that the development of the male 
reproductive system may be the trigger for their migratiory behaviour. In oviparous monogeneans cross- 
transmission induced by sexual maturation is common. For example, sexually mature gill-parasitic 
monogeneans, such as Ancyrocephalus paradoxus and some species of both Dactylogyrus and Diplectanum, 
move along the gill forming aggregations of individuals prior to fertilization (see inter alia Oliver, 1976; 
Izumova, Zharikova, 1982; Gerasev, Starovoitov, 1988; Dorovskikh, Matrokhina, 1991). Entobdella solea, the 
early stages of development of which take place on the upper surface of the its host, migrate to the lower 
surface of the fish on reaching sexual maturity (Kearn, 1963). 

In order to validitate this hypothesis, the composition the ontogenetic stages in the population of 
gyrodactylids migrating from infected hosts to uninfected ones was analysed. 


Material and methods 


Gyrodactylus sphinx Dmitrieva et Gerasev, 2000 parasitizes the Black Sea blenny, Blennius sphinx Va- 
lenciennes. Four ontogenetic stages of the worm (fig. 1) were distinguished based on the development of the 
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Fig. 1. Ontogenetic stages of gyrodactylids according to the development of reproductive system and embryo: 
I — new born (la) pre-first birth individuals (7b); 2 — immediately post-first birth individuals; 3 — pre- 
second or pre-third birth individuals; 4 — post-second or post-third birth individuals. 

Puc. 1. Cramm oHTOreHe3a TMpOAAKTUIMA, OMpeeIAeMbIe MO CTeMeCHM pa3sBUTMA penpoMyKTHBHOÑ CHCTE- 
MbI H 9MOpnoHa: / — HOBOpoOxZeHHad (1a) nepem OTpoxTeHveM MepBoro MoToOMKa (1b) oco6u; 2 — ocobb 
cpa3y xe moce OTPOXTCHUA MepBoro MOTOMKAa; 3 — OcObb mepeg OTPOXACHHEM BTOpOTO WIM TpeTberO TO- 
TOMKa; 4 — ocoOb moce OTPOXTeHUA BTOPOrO WIM TpeTbero MOTOMKa. 


male reproductive system and embryo using data presented by Harris (1985): 7 — the new-born (/a)/pre- 
first birth (7b) individuals, which have an advanced embryo, have no penis and can reproduce only asexually; 
2 — the immediately post-first birth individuals, which have an embryo consisting of several cells and no 
penis. At this stage the male reproductive system is still under development, thus the second embryo is formed 
without fertilization, although the following one will definitely be the result of fertilization; 3 — the pre- 
second and pre-third birth individuals, which have a penis and an advanced embryo. The latter could result 
from both asexual (if it is the second embryo) and sexual (if the third embryo) reproduction, but subsequently 
they will reproduce only sexually; 4— the post-second or post-third birth individuals, which have a functional 
male reproductive system and a uterus either empty or containing a very small embryo. These individuals also 
reproduce only sexually. 

Two specimens of the host (B. sphinx) infected with G. sphinx and one uninfected were placed in an 
aquarium filled with 1 litre of the seawater at a temperature of 16°C. Average initial intensity of infection was 
8 worms per host. Seven replicates were performed, each lasting for 10 days. Transmitted gyrodactylids were 


Table 1. Ontogenetic stages of Gyrodactylus sphinx transmitted from infected fish to uninfected fish and the 
transmission rate 


Ta6Oanuna 1. Cramm onrorene3a ocobeli Gyrodactylus sphinx, AMMurpupoBaBIINX Ha He3apaxKeHHOrO 
X034HHA H CKOpOCTb TpAHCMHCCHH 


Initial Day Average 
Replicate | infection 

of2 fishes 112| 3 4 5 6 7 8 9 10 | per day 
1 7,9 0 0 3s* 4s, 2s 2s, 3s 2s 3s 4s 0 0 0,8 

2 10, 12 0 2s 3s, 3s 4s 2s, 4s 3s 4s 4s 4s 0 1 

3 10, 8 0 3s 3s,4s 2s,4s 2s, 4s 2s 3s 4s 0 0 1 
4 10,7 0 0 2s 2s 4s 3s 4s 4s 0 0 0,6 
5 9,8 0 0 3s 3s, 2s 4s, 3s 4s 0 4s 0 0 0,7 
6 10, 7 0 0 2s,2s 38,45 4s, 4s 3s 0 3s 0 0 0,8 
7 7,8 0 0 2s 3s 2s 0 3s 4s 0 0 0,5 
Average: 8 Average: 0,8 


* The stages of gyrodactylid ontogenesis: 1s — the pre-first birth/new-born individuals; 2s — immediately 
post-first birth individuals; 3s — the pre-second or pre-third birth individuals; 4s — the post-second or 
post-third birth individuals. 
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immediately detached from the host and their developmental stages determined. The blennies were examined 
daily. The resulting data are presented in table 1. 

Other experiments were carried out in order to determine the host specificity of G. sphinx. In the first 
experiment B. sphinx, the typical host of G. sphinx, were placed an aquarium with other fish species (Blennius 
pavo Risso, B. sanguinolentus Pallas, Neogobius melanostomus (Pallas)) from the same natural habitat. Seven 
replicates were performed: 1 — fishes were examined after 1 day of exposure to the parasite; 2 — after 2 days; 
3 — after 3 days; and so on. In another experiment, several G. sphinx were placed on specimens of B. pavo 
and B. sanguinolentus, which were then examined hourly. The longest exposure time in this experiment was 
5 hours. The experiment was replicated 5 times. 


Results and discussion 


A sum total of 54 gyrodactylids transferred to a new host, with a mean rate of 
transmission from infected to uninfected host of 0.8 per day. The first ontogenetic stage 
was not found among the transmitted gyrodactylids. The proportion of immediately 
post-first birth individuals with a second embryo and in which the male reproductive 
system is under development (224 stage) was 28%; the remainding 72% were those with 
a functional male reproductive system and a sexual reproduction mode (third and 
fourth stages) (tabl. 2). 

Such a population structure of developmental stages among the transmitted gyro- 
dactylids cannot be the result of the accidental detachment of worms, because acciden- 
tal detachment is equally likely for all developmental stages. Furthermore, these exper- 
imental results differ from those known for these stages in gyrodactylid populations. For 
example, half the Gyrodactylus turnbulli Harris, 1986 population consists of the pre-first 
birth worms, and the proportion of post-second and post-third birth worms is less than 
2%; and populations of G. arcuatus Bychowsky, 1933 and G. gasterostei Glaser, 1974 
include 55% pre-second birth individuals and only 5% of post-second and post-third 
birth worms (Harris, 1985, 1988, 1993). Among the transmitted individuals of G. sphinx 
there are no the pre-first birth worms, whereas the post-second and post-third birth 
worms (4th stage) comprise almost 40%, i. e. 6 times as many as normally occurs in 
the population. (fig. 2). Therefore, the migration of this stage cannot be accidental and 
may well result from behavioural changes associated with sexual maturity. 

Moreover, data on the distribution of these stages among gyrodactylids recovered 
from sediment (Harris, 1988) agrees with our data from transmitted forms. High val- 
ues of the portions of third and fourth stages found in sediment (fig. 3) have been 
explained by Harris as exclusively the result of age-specific mortality. However, direct 
evidence is not available, because all worms are found alive. Furthermore, both our data 
and that of Scott and Anderson (1984) indicate that detached gyrodactylids can move 
successfully to a new host. It is likely that mature gyrodactylids are more abundant in 
sediment than on fish through active migration from their hosts. 

The ratio between the ontogenetic stages of G. arcuatus on the gills and on the skin 
(Harris, 1993) agrees with the model of gyrodactylid transmission presented here. The 
percentage of “on-skin” gyrodactylids with a functional male reproductive system is 
several times greater that on the gills (fig. 4). This disparity can hardly be explained by 


Table 2. The percentage of the ontogenetic stages of Gyrodactylus sphinx in specimens transmitted to various 
uninfected fish 


TaOauna 2. [ponent ocodeii pasnbix onToreHeTH4ecKkHXx cTraqui Gyrodactylus sphinx, uMMUrpupoBaBIIMX C 
3apaKeHHbIX pbiO Ha He3sapaxKeHHbIx 


Replicate 
Stage Total + Sx, % 
1 2 3 4 5 6 7 
2s 37.5 20 30 33 14 25 40 28.5 + 9.4 
3s 37.5 30 30 17 43 37.5 40 33.6 + 8.8 
4s 25 50 40 50 43 37.5 20 37.9 + 11.6 
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Fig. 2. Ratio between the ontogenetic stages (see fig. 1) in the entire population of Gyrodactylus sphinx (A) 
and between individuals which have migrated to a new host (B). 


Puc. 2. Coornowenne oco6eñ, HaxOAMIMXCA Ha pa3HbIX CTAJMAX OHTOreHe3a (CM. prc. 1), BO BCelt nony- 
naynn Gyrodactylus sphinx (A) n cpeau oco6eñ, AMMUTpupoBaBLIMX Ha HOBOTO XO3aMHa (B). 
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Fig. 3. Ratio between the ontogenetic stages (see fig. 1) of Gyrodactylus turnbulli on the skin of Poecilia 


reticulata (A) and in sediment (B) (using data from Harris, 1988). 


Puc. 3. Coornowenne oco6eğ Gyrodactylus turnbulli, HaxoasumMxca Ha pa3HbIX CTaqMaAX OHTOreHe3a 
(puc. 1), Ha koxe Poecilia reticulata (A) n B ocagKe (B) (ucronb30BaHHbI WaHHble 43 padoTsr I. Xappu- 
ca, 1988). 


age mortality, and is more likely due to the displacement of sexually mature worms 
from fish gills to the skin prior to transmission to a new host. 

We suggest that the searching behaviour of gyrodactylids is induced by the physi- 
ological changes which accompany the development of the male reproductive system. 

The transmission of sexually mature organisms from host to host aids the survival 
of the species. Asexual reproduction leads to the gyrodactylid stock on one host con- 
sisting of several asexual clones of the same species. Cross-fertilization between these 
closely related individuals increases the risk of the homozygosity of recessive characters. 
Therefore, the immigration of mature parasites to other hosts helps maintain heterozy- 
gosis in the population and increases genetic diversity, which also promotes the survival 
of the species in general. 
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Fig. 4. Ratio between ontogenetic stages (see fig. 1) of Gyrodactylus arcuatus on the gill (A) and on the skin 
(B) of Gasterosteus aculeatus (using data from Harris, 1993). 


Puc. 4. Coornomenne ocobert Gyrodactylus arcuatus, HAXONSIIMXCS Ha pa3HbIX CTAMSX OHTOreHesa (prc. 1), Ha xa6pax 
(A) n Koxe (B) Gasterosteus aculeatus (HCTOJIb3O0OBAHHbI JaHHble n3 pa6orsı I. Xappuca, 1988). 


Bakke et al. (1992) have described different transmission pathways for gyro- 
dactylids and have pointed out that worms behaviour is an essential component of the 
dispersal strategy of these worms. In order to clarity the specific mechanism of trans- 
mission used by G. sphinx in the Black Sea coastal environment, a number of experi- 
ments were carried out. In nature this species is found only on one host, Blennius 
sphinx. Under experimental conditions, G. sphinx did not leave its natural host and 
move to other fish species placed in the same aquarium. When these gyrodactylids were 
mechanically transferred to atypical hosts, they detached within a few hours, which 
clearly indicates a strictly physiological mechanism for maintaining the presence of 
G. sphinx on its appropriate host. Therefore, this gyrodactylid species does not appar- 
ently use a transport host as an aid to transmission in its natural environment. On the 
other hand, this species has a behavioural mechanism which enables an efficient search 
for a suitable host. All of the detached worms were found on the bottom and walls of 
the aquarium and ignored all macrophytes. This behaviour is congruent with the behav- 
iour of its host, the blenny, which prefers to locate on the substrate and away from 
macrophytes. 

Thus, Gyrodactylus sphinx transmission is undertaken by individuals with a func- 
tional male reproductive system, and the trigger for their migratory behaviour may be 
sexual maturation. The narrow occurrence of this monogenean in nature totally coin- 
cides with its innate host specificity. In their search for a suitable host these worms are 
abetted by physiological parameters of the host and by their own behavioural patterns. 


The author is grateful to Dr. D. I. Gibson for checking the English of the paper. 
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